The association of antibody with y-globulins was first demonstrated electrophoretically in the serum of rabbits immunized with egg albumin; Tiselius & Kabat (1939) and Enders (1944) found antibodies against a wide range of virus, toxin and bacterial antigens in the y-globulin prepared from pooled human plasma by ethanol precipitation. Kekwick & Mackay (1954) used one of these antibodies, the Salmonella H agglutinin, as a means of testing the amount of y-globulin in human globulin mixtures during the development of a method of fractionation of human plasma in aqueous systems containing ether in which the y-globulins were concentrated in fraction G 3. When the method was applied to the sera of other animals, it was found that although, as might be expected from the work of Gibson (1930) , an agglutinin against one or more Salmonella was present in the pooled sera from most mammalian species, this agglutinin was not necessarily associated with the fraction G 3, as in human serum. In normal sheep serum the agglutinin was in the fraction G 2, which was predominantly a-and figlobulins, and the fraction G 3, predominantly yglobulin, had no detectable agglutinin (Mackay, 1955) . It was of some interest therefore to know whether the antibody produced by the injection of a bacterial antigen into sheep would be found in the same fraction as the natural agglutinin, and if this was not so, whether the natural agglutinin could be separated from the induced antibody by this method. The term natural agglutinin in this work is used for the agglutinin found ab initio in the sheep sera, and induced antibody the agglutinin produced by the injection of a bacterial vaccine. The author appreciates the fact that both agglutinins may have been formed as an immune response to antigens introduced by different routes.
In the course of the work serum and serum fractions from normal sheep, as well as from sheep which had been immunized, were examined electrophoretically. The natural agglutinin in serum and serum fractions of the immunized sheep was also assayed, to find out whether the injection of bacteria with an antigen different from that specific for the natural agglutinin had any effect on the serum titre of the natural agglutinin. 35 (Longsworth, 1942) . Optical observations by the diagonal-schlieren method (Philpot, 1938) were photographically recorded with a light of 546m,u wavelength. The electrophoretic picture was analysed as previously described (Mackay, 1955) (1954) . Serum was roughly separated into globulins and albumin by the precipitation of the globulin (G 1) at pH 5-5 ±002, I 0-037, with ether (18.5 vol. %) at -3.5°. The precipitate was dissolved in 40 % of the serum volume of water and 60-70 % of the serum volume of buffer, pH 4. The dissolved G 1 was brought to a pH between 4 50 and 4-60 to ensure complete solution. The pH of the GI solution was then adjusted to 5*00 with buffer, pH 6, and the ionic strength to 0 01. This was done by adding a volume of water to a total volume equal to 2-5 times the volume of pH 4 buffer added, plus 4-84 times the volume of pH 6 buffer added. The calculation of the total volume includes the volume ofthe G 1 solution, the volume ofthe pH 6 buffer and the amount of ether to be added to bring the ether concentration to 10 vol. % (v/v). The fraction G2 was precipitated at pH 5-00±0-02, I 0Q01, with 10 vol. % of ether at 00. The pH of the supernatant was brought to 6 70±0 02 with 0 5M-NaHCO3 and concentration of ether to 18-5 vol. % at -3.50 (fraction G3).
MATERIALS AND METHODS

Mature
The fractions G 1s/p and AP were prepared as described in a previous paper (Mackay, 1955) . All the precipitations were carried out in vessels suspended in a refrigerated bath, thermostatically controlled to + 0-5'. The mixtures were allowed to come to equilibrium at the temperature of the precipitation, and the precipitates were removed by centrifuging at the temperature of the precipitation in a Buffers. (i) pH 4; 0-043M-acetic acid, 0 007M-Na2HP04;
(ii) pH 6; 0 023M-acetic acid, 0 027M-Na2HPO4; (iii) pH 8, I 1.0; Na2HPO4,2H20 (58.054 g./l.), KH,P04 (2.981 g./l.), diluted to the ionic strength required. Ether. Anaesthetic-grade ether free from peroxide was used and stored in the dark at 4°.
EXPERIMENTAL AND RESULTS
Serum of normal sheep all had low titre agglutinins against a number of Salmonella flagellar antigens (Table 1 ). There were considerable differences in the electrophoretic compositions of the sera from individual animals ( Table 2 ). Protein fractions prepared from the pooled serum of normal sheep were examined electrophoretically ( Fig. 1) Table 4 . and similar results were obtained with E 81. The fractions were relatively constant in composition in the same animal, and were unaffected by immunization. Ini some sheep the G 3 y-globulins precipitated in fraction G 3 were complex Fig. 1 . Electrophoresis of fractions from normal sheep and showed varying amounts of a component (y3) serum in the Tiselius (1937) apparatus; 50 mA *hr. at 0°with a lower mobility than the main y-globulin in sodium and potassium phosphate buffer, pH 8, 1 0-2. component (y2); see Table 5 and Fig. 1 . The amount of the slower component bore no relation to the contents, the recovery of protein at different stages agglutinin titre of the serum. was estimated. A typical fractionation is shown in
The natural agglutinin was found in fraction G 2 Table 9 , and similar values were obtained with a only, as in previous experiments, but the induced normal serum as with the antiserum shown. antibody was also in fraction G 3, although the Agglutinin titres of the fractions indicated that all greater proportion of this antibody was in G 2. the agglutinin was in the fraction G1, and sub-Fraction G 3 contained a-globulin which could be sequently in G 2. There was none in G 3.
separated electrophoretically from y-globulin, and Examination of anti8era. Two sheep, E 81 and tests showed that the induced antibody was E 108, whose serum had a natural agglutinin titre associated with the y-globulins. Because resolution of 40 and 80 respectively against the flagellar of the components of G 2 was not possible by electroantigen c, but less than 2 against antigen b or phoresis, attempts were made to separate the two antigen 1, 2, 3, were immunized, sheep E 81 with types of agglutinin by solvent fractionation.
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Fractionation of G 2. Previous experiments had indicated that the natural agglutinin was associated with m-and fl-globulins (Mackay, 1955) . Surgenor, Strong, Taylor, Gordon & Gibson (1949) had described a method for the precipitation of cx-and fl-lipoprotein at low pH and ionic strength, and it was possible that the proteins containing the natural agglutinin could be precipitated by these means.
Fraction G 1 from serum taken 50 days after the first injection of vaccine was brought to pH 5B00 and I 0-01 at 00. The precipitate was collected by centrifuging at 00 (fraction G2/1). The ether concentration was brought to 10 vol. % and after equilibration at 00 a second fraction was collected (G2/2) and G3 was made from the supematant. The protein content of the subfractions G2/1 and I957 G2/2 was found by nitrogen assay and the cholesterol content and agglutinin titre were determined; the fractions were also examined electrophoretically (Table 6) .
Approximately half the protein nitrogen and most of the cholesterolwere precipitated in G2/1; the concentration of natural agglutinin in G2/1 was double that in G 2/2, whereas the immune antibody was more concentrated in G 2/2. The fractions were similar electrophoretically in respect to a.-and fl-globulin, but the fraction G 2/2 had a greater amount of a less-mobile component identified as yl-globulin. The greater concentration of both y7-globulin and induced antibody in G2/2 suggested that the induced antibody was associated with this component. 
G3
Further efforts were made to obtain a better separation of agglutinin by varying the pH of the G2/1 precipitation. Samples of G1 were titrated to pH 5B1, 5-2 and 5*5, and fractions G2/1, G2/2 and G 3 prepared. There was not sufficient material for electrophoresis, but the assay of agglutinin suggested that the pH of minimum solubility of the natural agglutinin was 5 1-5-2, and of the induced antibody 5.5.
The titre of specific agglutinin caused by the immunization of sheep E 108 and E 81 was maximal in the serum taken 16 days after the first injection of antigen, and then declined in later samples in spite of the continued injections. There was no change in the titre of natural agglutinin at any stage. In the immune serum, the natural antibody was all in the G2, but approximately 20% of the induced antibody was in G3, the remainder being in G2. Further fractionation of G 2 suggested that the natural agglutinin had a lower isoelectric point and, like the lipoproteins, was insoluble at low ionic strength and ether concentrations. In the experiments on E 108 and E 81, the immune serum for fractionation was taken after the peak of the antibody level had been passed. There remained the possibility that at an earlier stage of immunity the distribution of agglutinin among the serum proteins might be different. Accordingly, antisera taken at an earlier stage and over a longer period were examined in greater detail.
Location of antibody in serum at different 8tages of immunity
One sheep (F 70) was given six intravenous injections of vaccine SL 162, as shown in Table 7 . Serum was collected for electrophoretic examination and for fractionation 10, 19 and 28 days after the first injection of antigen, and thereafter at intervals up to 350 days. As in previous experiments, no change was observed in the electrophoretic pattern or in the total protein nitrogen during the course of the immunization. Each serum sample was then fractionated. G 1 was prepared at pH 5*5, I 0 037, with ether (18-5 vol. %) at -3.50;
G2/1 at pH5-2, I 0-01, at 0°; G2/2 at pH5-5, I 0-01, and ether (10 vol. %) at 00; G3 at pH 6-7, ether (18.5 vol. %) at -3.5. The fractions were dissolved in phosphate buffer, pH 8, and were three to four times as concentrated as the serum by volume. The percentage of the total protein precipitated in the various fractions was estimated, and they were examined electrophoretically. Table 8 shows the mean values of eight such examinations, and Table 9 the recovery as nitrogen of the electrophoretically characterized protein components of serum in the different fractions. The results of the agglutinin titrations are shown in Table 10 . The distribution of antibody among the fractions varies significantly during immunization. As in the previous experiments, in most sera the Table 10 . Agglutinin titres of serum fractions froM sheep F 70 after immunization Agglutinin titre given is the reciprocal of the highest dilution showing agglutination. c, Natural agglutinin; b, induced agglutinin. Concn. factor: this refers to fractions G2/1, G2/2 and G3 and is the volume concentration of the fraction relative to the initial serum volume. The fractions G1 were all diluted to a volume equal to that of the initial serum before the agglutinin titration, i.e. conen. factor= 1.
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t~Concn. 80  <5  160  <5  40  <5 <5  <5  3-1  80 1600  80 1600  160  800' 80  3 200 <5  200  3-6  80 3200  80 3200  160 1600  80 12 800 <5  800  3-2  80 3200  80 3200  160  800  80  3 200 <5  800   3-2  80  640  80  640  320  640  80  320 <8  160  3-2  80  320  80  320  160  320  40  640 <5  40  4-0  80  160  80  160  160  160  80  320 <5  20  3-0 natural agglutinin content of the G2/1 was double that of G 2/2. As the induced agglutinin titre of the serum rose, the ratio of the induced agglutinin titre of fraction G2/2 to that of G2/1 rose to a value of four at the height of the immunity, and was paralleled by the change in the ratio of the yL-globulin content of these fractions. As the serum titre of the induced agglutinin fell, the ratio of the titre of fraction G2/2 to that of G2/1 fell to two, but the ratio of the y-globulin content of these fractions remained unaltered. The proportion of induced antibody precipitated in G3 was maximal in the samples taken at 19 and 28 days after the first injection of antigen. During fractionation 25 %of the oc-and ,8-globulins and 26 % of the y-globulins of G1 were lost, presumably in the G3 supernatant which was discarded (Table 9) .
DISCUSSION
Experiments with the three sheep show that the flagellar agglutinin stimulated by the intravenous injection ofa bacterial vaccine reached its maximum titre in the serum about 20 days after the initial injection of antigen. In two animals (E 108 and E81) the antibody titre declined in spite of continued immunization. The titre of the natural agglutinin was not enhanced by the injection of an organism with a different flagellar antigen. In normal sheep all the natural agglutinin was in fraction G 2; there was none in fraction G 3 (Mackay, 1955) . In serum fractions from immunized sheep, induced antibody, but never natural antibody, was found in G 3.
A modification of the fractionation technique, and the use of the Tiselius apparatus with the long centre-section cell allowed a more critical appraisal of the composition of the fractions, and revealed a substantial amount of y-globulin in G 2. Although there was a considerable coprecipitation of f,-and y-globulins at low ionic strength and low solvent concentration, the natural agglutinin appeared to have a minimum solubility at pH 5-1-5-2, and the induced agglutinin at pH 5-5. In the fractions G 2/1 and G 2/2 the induced agglutinin showed some correlation with the amount of y-globulin. It was not possible definitely to associate natural agglutinin with any component. As the fractions G 1 s/p and G3 both contained CL-globulin, but no natural agglutinin, and as G 3, which was substantially M. E. MACKAY I957 y-globulin, contained only induced agglutinin, it was reasonable to assume that the natural agglutinin was associated with ,B-globulin. The complete separation of natural from induced agglutinin was not achieved, although in G 3 a part of the induced antibody, free from natural antibody, could be isolated.
The fractionation experiments suggest that in the serum from immunized sheep agglutinins are present in three electrophoretically distinct protein components. Immune agglutinin was found in y,-globulin precipitated at pH 5-5, and in Y2-globulin precipitated at pH 6-7, whereas the natural agglutinin was in the f-globulin. The separation of human and ox y-globulins into two components with different antibody properties has also been described by Deutsch, Alberty, Gosting & Williams (1947) and Hess & Deutsch (1949) .
There are various explanations for the association of the two types of antibody with different electrophoretic components, but there is no real proof. Kekwick & Record (1941) observed that the early reaction in horses to the intramuscular injection of diphtheria toxoid was the production of antibody in y-globulin and after prolonged immunization in fl-globulin. The antibodies which were separated electrophoretically showed qualitative differences, and electrophoresis of the whole serum showed an increase in the amount of p2- (or yl-) globulin. Sheep may behave in a similar manner, the immune antibody appearing first in y-globulin, and later in fl-globulin. There was some evidence for this in the experiments on sheep F 70. The method of assaying agglutinin was not sufficiently accurate to allow a firm conclusion to be drawn with respect to the G 2 fractions, but in sheep, as in horses, the first response was the appearance of agglutinin in y-globulin. As the titre of induced antibody waned the proportion of agglutinin in G 3 also decreased, as well as the ratio of agglutinin in G 2/2 to G2/1. The ratio of natural agglutinin in G2/1 and G2/2 did not alter during the experimental period. It should be noted, however, that there was still some antibody in G 3 12 months after the injection of antigen, when the serum titre had fallen almost to the level expected in a normal animal.
An alternative explanation is suggested by the work of Treffers, Heidelberger & Freund (1947 Cohn, McMeekin, Oncley, Newell & Hughes (1940) , who examined the fractions precipitated from horse serum by increasing concentrations of ammonium sulphate, showed that the fraction precipitated at 30 % saturation was mainly y-globulin, the water-insoluble part of the 30-50 % saturation fraction was fi-and y-globulin and the water-soluble part was a-and ,8-globulin. If a similar series of events takes place in sheep immunized with a bacterial vaccine, the agglutinin from the intravenous injection would be in the Y2-globulin (the 30 % saturation fraction) and in yl-globulin (water-insoluble part of the 30-50 % saturation fraction) and the natural agglutinin in fl-globulin (the water-soluble part of the fraction precipitated at 30-50 % saturation). SUMMARY 1. The electrophoretic pattern and natural agglutinin titre against a range of H antigens of Salmonella was determined in sera from one flock of sheep.
2. The effects of the injection of a bacterial vaccine on the electrophoretic pattern of sheep serum during, and for 12 months after, immunization were studied and showed no characteristic change in pattern.
3. An attempt was made to isolate the natural and induced antibodies by solvent fractionation. Natural antibody to certain Salmonella flagellar antigens were found in fraction G 2, which was shown electrophoretically to consist of a-, f,-and yl-globulins. They did not increase in amount during immunization with an unrelated Salmonella antigen.
4. Induced antibody reached a maximum titre in serum 16-21 days after the first injection of antigen. Antibody, free from natural antibody, was present in the fraction G 3, which was substantially y-globulin. In fraction G 2 it was mixed with natural antibody. The isoelectric points of the two antibodies appear to be different. 
